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Abstract 
The wind flows on the rooftop house in Semarang, Indonesia past were examined in a Computational Fluid Dynamics (CFD) 
analysis and indicate best performance for wind energy power density. The rooftop pitches of house can have huge impact on 
increasing wind power density. This paper deals with the study to increase wind power density of micro-wind turbine located on 
the rooftop house by design the roof pitch. CFD was performed to evaluate the performance of wind flow around the roof pitch of 
housing at different angle (20o, 30o, 40o and 50o) based on wind climate data analysis. The results showed that a pitched roof of 
30o has the best wind potential density than another for same base house model height. 
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Nomenclature 
U wind velocity (m . s-1)                                            M mega (106) 
Uref  wind velocity reference (m . s-1)                            atsl above the sea level 
Z the gradient height (m)                                          yr years 
Zref the gradient height reference (m)                          α  power law exponent 
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1. Introduction 
Indonesia has population of about 2450 M which grew by amount 1.5 % annually between 2000 and 2010 [1]. 
With the growing population, energy demand will surge in the future. Indonesia is endowed with conventional fossil 
fuel resources such as coal, oil, and gas, which dominated the energy portfolio of the country for decades. In 2011, 
more than 95 % of the national energy mix was dominated by fossil fuels and only 4 % for new renewable energy 
[2]. The heavy reliance on fossil fuel based energy threatens Indonesia’s energy security given the exhaustible nature 
of fossil fuels. According to Ministry of Finance of the Republic of Indonesia, Indonesia’s energy potential of oil 
and natural gas will be depleted in about 10 yr to 35 yr and coal in about 65 yr [3]. Recently, The Government of 
Indonesia commit to increase the share of new and renewable energy source up to 23 % by 2025 [4].  
Main use of renewable energy is in electricity and transportation sectors. Several countries include Indonesia, 
close on 50 % of the energy that used is for servicing buildings [5]. The country needs to identify available energy 
resources such as wind energy to fulfill demand increasement. The objective of the research was to increase 
affordability and accessibility wind energy as well as energy saving. 
Recent study showed that roof geometry used in houses was significantly influenced wind velocity [6,7]. 
Comparative resulted from earlier research [8] showed that Semarang, Indonesia, has potential harvesting wind 
energy with roof mounted-micro wind turbine. Recent study [8] showed that Semarang wind power density is stable.  
Hip roof [8] had better performance than gable roof to increase wind velocity. This result led to estimate wind 
velocity on hip roof with roof pitches variations. Therefore, wind conditions in urban location are very complex and 
the adaptability of wind turbines [9]. The study elucidated that the investigation resulted to wind power density in 
coastal housing with different roof pitches (20o, 30o, 40o and 50o) at Semarang, Indonesia. 
 
Table 1. Roughness classification with power law α values   [10] 
Wind power class Zo (m) α G (m) Wind power density 
(a) (W . m-2) 
Mean speed range 
(b) m . s-1 (mph) 
Sea 0.0002 0.09 213 <  100 <  4.4 (9.8) 
Smooth 0.005 0.125 213 100-150 4.4 (9.8)/5.1 (11.5) 
OC (open area) 0.03 0.15 274 150-200 5.1 (11.5)/5.6 (12.5) 
Roughly open 0.1 0.2 274 200-250 5.6 (12.5)/6.0 (13.4) 
Suburban (rough) 0.25 0.25 366 250-300 6.0 (13.4)/6.4 (14.3) 
Very rough 0.5 0.3 366 300-400 6.4 (14.3)/7.0 (15.7) 
Urban (closed) 1 0.33 366 > 400 > 7.0 (15.7) 
2. Material and method 
To assess the best design of roof pitches with CFD simulations as a wind energy resource assessment tool, wind 
power density in Semarang city was analysis by means to predict the wind classes. Wind class is important to create 
the wind profile for CFD simulation. This data was used as the inlet velocity profile at the outer boundary layer of 
the CFD model in Fluent [10], to allow for comparison of the roof pitches, the models were analysis in the same 
inlet profile.  
 
2.1. Determining Semarang wind power density and wind power classes 
Areas are often described by their wind class ranking. Therefore there is no wind class in Indonesia, using wind 
classes from roughness classification that already available [11]. Table 1 described the range wind power density 
and associated classes at meters height above ground. CFD analysis of two separate programs, Gambit and Fluent 
[10,12].  Gambit is used to construct the flow geometry, along with the mesh for solving the equations of motion 
and continuity at fixed points.  Fluent 6.2.16 is the program which actually solves the equations for the geometries 
constructed using Gambit. The micro wind turbine will be installed in the north part of Semarang city which 
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Fig. 1. Wind profile in Semarang, Indonesia 
Wind Velocity (m . s-1) 
elevation is 25 m atsl [13]. Wind power density and wind speed will change with every meteorological data. Long 
term mean wind speed at 10 m is 7 km . h-1 to 9 km . h-1 [14]. With the highest wind speed at January, 18 km . h-1 or   
5 m . s-1. After calculate the wind power density and refer to table 1, Semarang wind class 2 (smooth) at 10 m has 
wind power density value 145.66 W . m-2. LAPAN, National Institute of Aeronautics and Space of Indonesia, 
categorized this wind power density is excellent wind resources [15].  
2.2. CFD simulation   
2.2.1. Inlet wind profile 
The wind speed above the roof pitches were analyzed using CFD. The velocity profile at the inlet boundary of 
the CFD simulation should be accurately modeled to provide valid results [9]. The velocity profile at the inlet 
boundary using Semarang city’s forecasting within period five  years (from 2008 to 2012) [10]. Wind class 
calculates form the wind power density. Wind direction evaluation at a height of 10 m above ground level was found 
that the highest wind power potential based on meteorological data is on north wind (5 m . s-1). For the roughness 
classification is using ASCE (1999) with smooth. Wind profile for CFD analysis in Semarang can be expressed on 
Figure 2. Power law which is shown in Equation (1) is used to model the wind profile at the inlet of CFD.  
 
                               (1)  
 
 
Where U is wind velocity (m . s-1), Uref is wind velocity reference (m . s-1), Z is the gradient height (m), Zref is the 
gradient height reference (m), and α is power law exponent. Figure 1 shows the wind velocity profile in Semarang, 
Indonesia. The wind speed profile measured in the CFD using the power law of an exponent of 0.125. The mean 
wind speed was 5 m . s-1 at 10 m above the sea level.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.2.2. Modelled parameters   
CFD was used to simulate wind flow above gable roof which represents the basic shapes of traditional coastal 
housing in Semarang. This modeled was assumed as residential houses 45 m2 (4 m × 9 m). Simulations were 
undertaken with roof pitch’s angle 20o, 30o, 40o, 50o (Fig. 2). The selected roof pitches are commonly used in the 
houses and low-rise buildings with hip roof in Semarang, Indonesia. In consideration of the symmetric conditions of 
the building models, the height of the building is 6 m. 
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Fig. 2. (Left to right): The roof pitch’s angle 20o, 30o, 40o, 50o 
20o 
40o 
30o 
50o 
wind direction  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Result and discussion  
CFD simulation was implemented which is known to make use of the k-ε model and finite element technique. 
For each roof pitches, Semarang’s wind profile is applied. Specifying the optimum power electricity of roof pitches 
depends on the wind velocity. CFD is used for predicting wind velocity and wind flow above the roof profiles. Fig. 
3a-d showed that the numerical resulted to velocity (contours and vectors) distributions around building models with 
different pitch angles.  
 Fig.3a shows the average wind velocity result for roof pitch’s angle 20o. The simulation elucidated that wind 
velocity stable and increase in the height 1m above roof surface. From the simulation showed that there are no 
specific differences wind velocities before and after passing roof pitch’s at angle 40o (Fig. 3c). Roof pitch’s angle 
50o position result (Fig. 3d) recorded similar with gable roof in 40o position result.  
The maximum average wind velocity occurs for pitched roof with inclination 30o (Fig. 3c). There is no 
significant effect on the increasing wind velocity for pitched roof with 20o, 40o and 50o. It is observed that the 
pitched roof has a large influence on the wind velocity. The wind velocity is the highest nearest to the separation 
point and in the corner edge. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3a. Average wind velocity contour for roof pitch’s angle 20o 
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Fig. 3d. Average wind velocity contour for roof pitch’s angle 50o 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Conclusion 
Semarang has great potential for wind energy, located in coastal area where wind is abundant. Wind speed 
between (2 – 5)  m . s-1 was suitable wind turbine to develop in Semarang are micro-wind turbine. Four gable roofed 
house model of 20o, 30 o, 40o and 50o roof pitch, have been tested in CFD simulation to investigate wind velocity 
over gable roofs. CFD analysis based on the finite element method was used to predict wind velocity contours in the 
roof pitches. The wind velocity measured on the gable roofs were compared with similar geometry. The model was 
created in three-dimensional model (Fig.2). Convergence and stability of the solution were verified at a certain 
number of finite elements and iterations.  
The results showed that a pitched roof of 30o has the best wind potential density than another for same base 
house model height. Compared with other roof, the worst wind velocity was 20o roof pitch. The wind velocity 
Fig. 3b. Average wind velocity contour for roof pitch’s angle 30o 
Fig. 3c. Average wind velocity contour for roof pitch’s angle 40o 
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contour has nearly the same trend between 40o and 50o roof pitches. It is recommended to use 30o roof pitch in 
Semarang City for optimizing wind energy using micro wind turbine, which are defined as wind turbines with 
capacity less than 2.5 kW. 
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